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CHAPTER 1 
INTRODUCTION 
The United States Go vernment procures an enormous varie t y 
goods and services from American industry each year and i t 
therefore particularly vulnerable to the perils of the old 
;: market-place adage CAVEAT EMPTOR. For the Department of De-
fense (DOD) who, .on large advanced state of art contrac t s 
spends billions of dollars, the vulnerability becomes intense 
lj due to the fact that original contract objectives cannot be 
guaranteed and costs at contract completion, sometimes years 
into the future, cannot _ be reasonably controlled. The pr oblem 
i; of cost control and objectives achievement .intensifies sig-
l! nificantly when Government funding requirements change with 
Hchanging National priorities or when industry capabilities are 
exceeded thus requiring reprogramming entire contracts. 
 
Congressional records show case after case of major 
li weapon systems development and acquisition over-runs and the 
1: press has reported many of the more serious cases. Rarely is 
ii 
1l mention made of systems which are developed and produced with-
li in the time and dollar constraints originally set. The 
:l problem was hi ghlighted in 1973 by Dr. J. S. Foster when he 
noted in Congressional testimony that " within the past 
il twenty years the cost of defense weapons systems acquisition 
:: has been rising at more than five times the rate of inflation."1 
1 Dr. John S. 
Engineering, 
. 
Foster, Jr., Director, Defense Research and 
Defense Management . Journal, (July 197J), page 4 
1 
1 
It thus becomes absolutely necessary that industry 
generate and the Government obtain useable management 
jl 
information throughout the period of the contract for 
visibility, status reporting and decision making. It is 
to this end that the Government and industry invest sub-
stantial sums of money. Ten to twenty percent of the 
1, 
entire cost of Government Research and Development con-
2 tracts is devoted to management and systems. 
In spite of this investment, the record shows many cases 
where managers at all levels are completely surprised by 
overwhelming adverse management information- and at times 
too late to affect corrective action. A recent 
l! tion occurred on January 1976 when, al though not a 
DOD contractor, the Wall Street Journal reported that 
i ,, 
1. 
t' 
the Government Employees Insurance Company (GEICO) had 
suffered disasterous losses during its last quarter and 
"the magnitude of GEICO's losses staggered me".J 
The visibility required by todays Government Research 
and Development contracts covers the spectrum of functional 
disciplines within a company and to a depth of detail which 
at times must be overwhelming. Specific contract require-
ments demand periodic technical, schedule progress and 
cost progress reports be submitted for customer Government 
2 Edward offenhartz Elms and P. M. Grumman. Aerospace Corp. 
Defense management Journal, (April 1974), page 25. 
Thomas A. Harnett, New York State Insurance Superintendent, 
GEICO, 1Iall Street Journal, (January 20, 1976), page 4 
2 
' ' 
. 
j. analysis Other terms and condi ti.ans may include pro-
visions for periodic visits by technical and management 
experts to personally assess status and progress. Within 
! the DOD, two organizations, the Defense Contract Adminis-
ij 
tration Service ( DCAS) and the Defense Contract Audit 
j
1
Agency ( DCAA) , with a total National strength of approxi-
4 
'! mately twenty thousand federal employees, exist solely 
j; for the purpose of assessing U. s. Government DOD contract 
;! performance. In addition to the above dedicated surveil-
ll 1ance agencies, various purchasing offices have attached 
analysts to perform comtract status duties. 
Government surveillance efforts, regardless of the 
!' interested agency, depend almost entirely upon contractor 
furnished information - technical reports, cost account 
ledgers, schedules, plans, efficiencies, etc. The industry 
.managers themselves depend on much of this same information 
:;in order to manage their corporations, divisions, companies, 
programs or projects. The primary source of all this infer-
mation, whether it be for internal or external use is the 
!j company's own information .system. 
On large Government contracts, 98% of cost status and 
,: 75% of schedule status5 visibility is derived from the 
company's computer-based information system. Technical 
' 
i\ 14.-, 
The author is currently on assignment from the United 
!)States · Air Force to DCAS, Bridgeport. 
lj5 Jacques S. Ganslor, Deputy Assistant to the Secretary ,,of Defense (Mat Acq) OASD 1&2, Defense Management Journal, 
October 1975), page 1. 
. 
J 
3 
!visibility is based mostly on face to face personal con- i 
l'tact - engineer to engineer. However, even here the company 
''MIS is · steadily making headway toward providing current, 
,·accurate technical status in the areas of configuration 
!'.management and simulation techniques. 6 
This  paper is a first examination of three U. S. Govern- · 
1·ment Research and Development contracts of intermediate 
- each with a different company._ This examination 
!l is made with the following objectives i 
! 
Determine the degree of conformity by the companies 1. 
!Jwi th current literature concepts on Research and Development 
( R and D) program management schemes. This determination 
jjwill be made by reviewing selected .concepts of R and D 
i, management and information requirements; noting those which 
1
1seem logical or from the author' s experience are tried and 
proven; examining each company's approach to its own R and 
d project; comparing the company's methods against those 
ii recommended by the literature and then analyzing the variance 
between the two. 
2. Determine the depth of visibility provided by each 
company to both the government and company management. An 
. . ill  . . examination wi 1 be made of se ected proJect data which is 
generated by each company for use by management and customer. 
Particular attention will be made of timeliness of data de-
1i 
li livery to management and customers, currency of delivered 
1
6 Rita McCarthy, Burroughs Corporation, Defense Management 
( ournal, (October 197 5), page 23. ,'lt' 
i . 
., 
ll 
. 
data, detail of the effort to be performed as to work 
'! Breakdown and responsibility, detail of the data in terms 
i: 
l! of cost, schedule and performance, relation of the data 
:1 to the contract (project) in question, sophistication of 
j; the information in terms of Automatic Data Processing 
Equipment (ADPE) use and amount of reports generated for 
ll use on the project. 
jj J. Determine the effectiveness of--ea:ch company's in-
formation system to provide management with useable data. 
'!: Management information will be reviewed at the company l . 
!j with selected examples collected for inclusion in this 
report. The review will determine data which is considered 
. 
jJ necessary and that which is not (for management purposes) 
it will determine if cost, schedule and performance data 
. 
are reported, at which level, whether variances from plan 
are calculated, whether variance analyses are produced and 
i' 
ij 
whether estimates to contract completion are provided. A 
status of each company's R and D program will be determined 
as of Jl December 1975 and an analysis will be made to de-
!i termine whether data from that time period gave management 
correct status, variances (if any), and identification of 
the cause ( s) for variance. 
4. Determine whether there is any measurable relation-
ship between the degree of conformance with current litera-
i; ture concepts of R and D manageMent systems and depth of 
. . b. 1 . t th h ( 1 ) v1s1 1 1 y on e . one and 2 above and the effective-
' 
! : 
ness of each company's system as it is applied to R and D 
i 
!'.projects A, B, and C on the other (J above). 
This evaluation is a snapshot at one point of time 
1·(relatively early in all three contracts) and the conclu-
i'. sions ·must necessarily be considered tentative. Follow-up 
. 
;j studies later in the programs and after contract completions 
! - . 
!j should be made in order to properly verify (or contradict) 
;the preliminary conclusions of this study. 
., 
ii 
6 
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CHAPTER 2 
INFORMATION SYSTEM BASELINE 
This chapter presents the results of a literature search 
highlight desirable characteristics of an Information 
System oriented toward Government funded Research and Devel-: 
i! 
opment programs. It also contains the considered opinions of 
ii company MIS directors and Program Managers who were asked to 
!! identify desirable Information System attributes. . 
It is necessary now to insure understanding of the words 
. "Information System" as used in this paper. It is, as pre-
viously suggested, the combination of ingredients within a 
!i company which produce data for project (contract) status, 
(] visibility and decision making. It includes project control 
l 
!! personnel whether program office or functionally organized; 
it includes the MIS department (personnel, hardware and data) 
ii and it includes both company and customer analysis. It is 
!! primarily concerned with cost and schedule information and 
. 
the internal and external thereof. 
Prior to contract award, in most cases, the company must 
decide on the allocation of responsibilities for the contract: 
!
1
either a project office or the more customary functional organ-
l\ ization. The following table compares the organizations from 
7 
each viewpoint. 
ii 7 . Cleland and Hill, Systems Analysis and Project Management, 
i1 ( 1968), page 153 .. 
I 
7 
.... 
' 
l l 
'l 
li 
!! 
ii 
l 
jl 
Table 7-1· Comparison of the functional and 
the project vie"1Joints 
Line-staff 
organiza-
tional 
dichotomy 
Scalar principle 
Superior-
subordinate 
relationship 
Organizational 
objectives 
Unity of 
direction 
Parity of 
authority 
and respon-
sibility 
Time duration 
PROJECI \"IEWI'OI:-.."T 
Vestiges of the hierachical model 
remain, but line functions are 
pbcetl in a support position. A 
web of authority and responsi-
bility relationships exists . . 
Elements cif the vertical chain 
exist, but prime emphasis is placed 
on horizontal and diagonal work 
flow. Important business is con-
ducted as the legitimacy 6f the 
task requires. 
Peer-to-peer, manager-to-techni-
cal-expert, associa te-to-associate, 
etc., relationships are used to 
conduct much of the salient 
bus.iness. 
Line functions have direct re-
sponsibility for accomplishing the . 
objectivcs; line commands, an<l 
staff advises. 
The ch2in of authority relation-
ships is from su perior to su !.:ordi-
nate throughout the organization. 
Central, crucial, and important 
business is conducted up and 
down the vertical' hierarchy. 
This is the most important rela-
tionship; if kept healthy, success 
will foilow. All important business 
is. conducted through a pyramid-
ing . structure of superiors an<l 
'subordinates. 
management of a project becomes 
a joint venture of many relatively 
in<lepen<lent organizations. Thus 
the objective becomes . multilat-
eral. 
The project manager manages 
across functional and organiza-
tional lines to accomplish a 
common interorganizationa! ob-
jective. 
Consid.erable opportunity exists 
for the project manager's respon-
sihility to e.xceed his authority. 
Support people are often respon-
sible to other managers ( func-
tional) for pay, performance 
reports, promotions, etc. 
The project (and hence the or-
organization) is finite _ in duration. 
Organizational objectives are 
sought by the parent unit ( ;10 
assembly of suborganizations) 
working \\;thin its environment. 
The objective is unilateral. 
The general. manager acts as the
one head for a group of activities 
having the same plan. 
Consistent with functional man-
agement; the integrity of the 
superior-subordinate relationship 
is main tained through funct ional 
authority and advisory staff 
services. 
Tends to perpetuate itself to pro-
vide contin uing facilitative sup-
port. 
It can be stated from experience that the U. s. Govern-
l! ment desires the program or project office organization 
l1concept on all large and intermediate value Research and 
Development contracts in order to achieve singular respon-
: sibility. From the above chart, the phenomena of "unity of 
direction" would be the key factor. The "dedicated" team 
approach of the program office is contractually required in 
many large R and D contracts. 
8 
i' ' 
Notice , in the following organization chart how a program 
' . i office operates horizontally through the vertical structure 
;of the functional 
' . : 
legal office . 
8 set-up. 
' Executive 
secretary 
Contract 
administration 
President or 
manager 
.... 
.. 
Manufacturing 
planning 
relations 
9 
Marketing 
Horizontal 
engineering 
Customer flow of 
functional authority 
and 
authorit 
and responsibility ' 
A Harvard Business Review article about management methods 
i 
. 
for Aerospace summarized the function of a program office very 
;1 
succinctly: '' a close knit organization, established for the 
deliberate fostering of conflict resolution, with rapid and 
1, thorough communication, high intensive visibility and great 
' 9 : attention to detail." 
Cleland and Hill, op. cit., page 168 
.1 9 
J. G. Milliken and E. J. Morrison, Harvard Business Review, 
! "Management Methods for Aerospace", (March-April 197J), page 8. 


--- l! 
li 
Control has to do with making events conform to plan. 
Control uses the information from the past to develop the 
. 
necessary actions for the future. Since control is for-
w_ard-looking, deviations from plans should be identified 
' 
and reported to the manager as possible. Control 
therefore, must be established in terms of deviation from 
plan early enough so that corrective action can can in-
il sti tuted before is 
The sophistication of the control system depends on 
the complexity of the project and the ability of the partici-
pants to administer it. A simple project may require only 
a few indicators to determine whether or nQt it is pro-
l! gressing on schedule and within desired cost and performance 
constraints. Major projects on the other hand, require ex-
ii controls to indicate progress as well as problems. 
Regardless of the complexity of the project, however, 
ii certain basic conditions must be met in order to have a 
workable system. 12 
. It must be understood by those who use it and obtain 
data from it. 
It must relate to the project organization, since 
organization and control are interdependent; neither 
can function properly without the other. 
It must anticipate and report deviations on a timely 
D. I. Cleland and R. King, 
Management, (McGraw Hill, 1968) , 
Analysis and Project 
page 247. 
.... 
12 
'! 
i! 
. 
' 
1J 
basis so that corrective action can be initiated 
before more serious deviations actually occur. 
It must be sufficiently flexible to remain compati-
ble with the changing organizational 
It must be economical so as to be worth the additional 
maintenance expense . 
It should indicate the nature of the corrective action 
required to bring the project - back into consonance 
with the plan. 
It should reduce to a language (words, pictures, graphs 
or other models) which permits a visual display that 
is easy to read and comprehensive in its communication. 
It should be developed through the active participa-
... 
i 
. 
a project information system. 13 
Identify the long range objectives of the project . 
' 
Analyze the existing information system in t erms of 
its suitability for your program. 
Ident ify and provide for interfacing of the project 
information system with the over-all information 
system for the company. 
Establish a time plan for the and imple-
mentation system. 
Accomplish the plan. ii 
An information system is a complex of formal and informal 
•! networks for communicating among project participants. It can 
l1vary widely in degree of formality, ranging from a highly 
i . 
ll structured method such as Program Evaluation Review Technique 
(PERT) to personal talks among project members. 
One of the more distressing trends in project management 
1J is the tendency to rely heavily on complicated, sophisticated 
management information systems. There is very real danger 
!: that the manager can become so preoccupied with the system 
\! that he fails to exercise enough personal management of his 
ii program. 
Schedule, cost and technical progress are the basic ele-
of project control. Information systems which continu-
ii 13 
Cleland and King, op. cit., page 251 
.... 
.. 
ii 
l 
!l ously appraise schedule and cost parameters are necessary. 
Schedule control consists of integrating all the project 
!\ schedules, including the over-all schedule and the detailed 
for each segment of work. These schedules may be 
integrated by means of, say, PERT or a variation of the Gantt 
chart. 
Cost control has to do with the organization, adrninis-
tration and control of the cost procedure necessary for the 
jproject. It encompasses the accumulating of all actual costs 
. 1
1
The primary functions of cost control are to document histori~ 
. cal costs and to compare these costs periodically with the 
I 
planned expedi tures. 
Cost and schedule status are reported quite simply in 
terms of dollars and time periods, (weeks, months, etc.). 
Technical .status can be, and is, reported in an infinite 
variety of ways. 
As mentioned in Chapter I and reaffirmed during the lit-
jl h . . . era tu re searc , the most source of informa-
ii tion regarding technical progress is the technical personnel. 
Be making value Judgments and opinions, technical status can 
!l be credibly determined. "14 
!i 
During interviews with MIS directors, Mssrs. L. S. , 
Company A, L. D., Company B, and R. T., Company C, it was 
determined that automatic data processing equipment build up 
:14 
Cleland and King, op. cit. , page 258. 
lj 
15 
- .......................... ........ - -- -
'! 
at each company was at best evolutionary and several times 
revolutionary. In each company, initial requirements for 
stemmed from engineering or the scientific groups. who 
for purely scientific purposes and subsequent competitive 
edge, successfully convinced management of the desirability i 
1! to lease or purchase such equipment. On the business side 
! of each house it appears that the needs of the accounting 
I departments made the most convincing argument for ADPE. It 
1was through this evolutionary succession, plus the ultimate 
employment of skilled professionals, systems analysts, pro-
l grammers and operators, . and the extremely high costs of con-
tinuous new leases and/or purchases for each new small group 
!! whowho desired some ADPE capability, that current highly 
i! integrated and flexible management information and scientific 
data processing centers have evolved. 
The information systems literature is sketchy on infer-
! 
I mation regarding specific computer hardware size, numbers and 
capabilities. The literature does discuss sufficiency - that 
is, the rent er purchase of ADPE should result from a Long-
Range cost effectiveness trade study comparing benefits to 
liabilities. Current sophistication in the use of ADPE sys-
terns, again based on discussions with the above mentioned 
r 
r 
MIS directors, stems mainly from the size of company profits 
and the dynamic persuasive ability of the individual director. 
'l'o be successful, the project information system must 
16 
ij 
ii 
ll 
!!contain five basic ingredients' relevance, timeliness, 
'jl economy, accuracy, and flexibility. A system for a large 
Jproject should be highly structured and formalized so that 
II as changes occur in the project scope or time schedules, 
Ii . 
I 
]program office personnel can quickly become aware of the 
I 
!effect of those changes on his own efforts. 
I The Defense Department, always sensitive to cost over-
I • 
1 runs, schedule delays and poor technical performance on 
Research and Development contracts, has embraced an infor-
j mation system which is complex and far reaching. As direc-
ted in DOD Instruction 7000.2, formal Cost/Schedule Control 
Systems Criteria (C/SCSC) is required on many complex pro-
grams. C/SCSC provides the basic customer to contrac t or 
interface for program visibility. A fundamental responsi-
bility of DOD managers concerned with the acquisition of 
systems is to insure that the visibility of contractor's 
progress is sufficient to reliably indicate the results 
being obtained. 15 In carrying out this responsibili t y in 
selected contracts within applicable Defense programs, approp-
riate procurement program offices and other DOD agencies 
receive and review cost, schedule, and technical performance 
lata. Such data, to be reliable, consistent, and to provide 
tdequate visibility of contract performance, must be derived 
:rom the same internal system as that used by the contractor 
.5 Air Force Systems Command pamphlet 17J-J C/SCSC Implemen-
ation Guide, (July 1969), pages 1-2. 
. 
7 
' 
. 
-.i 
to manage his contract effort. 
It is recognized that no single common set of management 
_ systems will meet every DOD and contractor manage-
!: ment data need for performance meas.urement. Variations in 
organizations, products, and working relationships prohibit 
li the use of a universal system (s). Therefore, the DOD adopted 
i; an approach which simply defines some 35 criteria that con-
. 
tractor's performance measurement systems must meet. The 35 
'!i are grouped under five major catagories 
Organization 
Planning and Budgeting 
Accounting 
Analysis 
Revisions and Access to Data 16 
The responsibility for providing the specific concepts 
ll·and operating procedures for complying with these criteria 
!! is vested in the contractor, but the specific system the 
. . 
i; contractor proposes is subJect to DOD approval processes. 
Ii 
ij 
Ii 
By applying criteria rather than requiring a specific 
lj system, contractors are provided with latitude and flexi bil-,, 
1!i ty in meeting their unique management needs. This approach 
I 
l! allows contractors to use existing systems, or other . systems 
1: 
1; of their choice, provided that these systems meet the C/SCSC. 
'1 
I; 
!;16 Air Force Systems Command pamphlet 17J-3, op. cit., pages J-4. 
I' d 
! 
I .... 
~)----·-
ii 
Ii 
11 ·I 
key features of c/scsc are: 
! 
! 
1. 
2. 
J . 
4. 
5. 
li suMMARY 
A contract Work Breakdown Structure (WBS) must be 
generated. 
Responsibility for program progress a.nd expeditures 
I 
should be specifically assigned to individuals. 
Variances from plan in terms of schedule and cost 
must be calculated monthly for each work package of 
the WBS. 
Specific analysis must be conducted for all variances 
and corrective action taken. 
"Estimate at Contract Completion" must be updated 
continuously. 
As a review and a summary of the conclusion of the liter-
ature search phase a comparison to the_ e original objectives is 
briefly made 
1. Many sources were examined to determine the require-
ii 
il ments of modern information systems on the control of Govern-
'! 
ment Research and Development programs. This chapter has 
presented a number of desirable characteristics recommended 
by the literature a program office rather than a functional 
organization; freedom of information flow both internally and 
externally; generation of data which compares actual status 
:!with planned and shows deviations in a timely manner: data 
which forecasts in terms of cost, schedule and performance, 
. .., 
19 
. 
! 
i 
' t 
_________ 
efficient use of and MIS group personnel; advanced 
control techniques such as PERT, MOST, and C/SCSC . 1.7 
The attempt here is to highlight current thinking in 
terms of the management of Government R and D projects. 
The following chapters will explore the degree of conformi ty
to these requirements exhibited by each of three companies 
on their respective Government Research and Development 
contracts. 
2. The depth of visibility into a program is expressed 
in tenns of the program's organization (either functional or 
project), the internal and, to a lesser extent, the external 
flow of information regarding the program and its environ-
ment, the degree of definition of the particular program , 
internally and externally, the sophistication of the infor-
! 
mation system and the adroitness of the personnel who are 
. 
responsible for the program. The recommended depth of visi-
bili ty is usually a consequence of the desires of bot h company 
and customer and should be no more than that necessary for 
l effective control. 
J. The effectiveness of management information is meas-
ured on balance by the program's adherence to plan at any 
given time More specifically, the information system must . 
pro vi de cost, schedule and technical status ; it must provide 
17 Further details on the c/scsc are beyond the intended 
scope of this paper. 
. 
20 
j . 
' 
/ 
! 
: 
il 
/! 
sufficient analyses to determine the cause of cost, schedule 
and performance variances and it should anticipate total cost, 
ii schedule, and technical impacts at the completion of the pro-
11 . t \j JeC 
i 
! 
\ 
\i 
21 
11 
! 
I CHAPTER III 
COMPANY A 
Company A is a multinational company whose products and
1 
services cover a wide range of technical disciplines. The : 
-
company develops and produces scientific instruments, labora-
tory analytical instruments, precise optics, electro-optics, 
lasers and electronic components. These products are used 
for a wide variety of research, control, -test, and space and 
National security programs. The company's annual sales for 
1975 totaled approximately $3OO million 18 with its principal 
domestic manufacturing facilities in Connecticut and CAlifor-
nia. The particular progra;rn selected for analysis in this 
paper is denoted Project A. Project A is a Research and De-
velopment contract with the U. s. Air Force for use in the 
Airborn Laboratory, a specially configued Boeing 707. The 
contract was started in June, 1975 and will continue for some 
24 months; its total value is $3-5 million. Since follow-on 
production effort is a distinct possibility and highly depen-
dent on the success of the development effort, the company 
professes to be extremely sensitive to costs, schedule and 
technical progress milestones. 
The key to success of Project A was recognized by Company' 
a to be its ability to control the development effort. During 
the pre-contract award phase the company decided to establish 
18 
- Company A Annual Report, (1975), page 26. 
22 
1 
i 
-
l 
ii a program office thus giving the customer his own dedicated 
\ 
dteam of experts completely devoted and committed to the suc-
11 
lj cess of the program. In addition to the Program Manager, 
1
1J the program office is staffed by a ' full-time financial ana-
J lyst, contract administrator, and several engineers. For 
schedule generation and analysis a part-time program schedu-
!ler is available. 
To provide a consistent visible framework of activities 
jl to effectively plan, manage and assign technical responsibili-
ties and to provide continuous control over program progress 
\ the development of a Work Breakdown Structure (WBS) is re-
l
! quired. 19 
The WBS is structured at the first level of indent ure in 
\ terms of the key program elements. Subsequent levels of in-
denture depict basic job elements, e.g. , quality assurance, 
major hardware assembly. The major elements are further sub-
. 
divided to the point at which tasks and sub-tasks are assign-
1! able and manageable in terms of performing organizational 
units. Each block in the is assigned a unique identifi-
I 
! 
' 
'I 
' 
-
-
: 
\ 
' INTEGRATION DESIGN ANAl.YSIS l"ADHICATION BREADBOARD. AND'TEST SUPPORT 
20, ooo 30, 000 40, 000 50, 000 60, 000 
1' . . . i :.,.. 
- ModIFICATIONS• '-30100 - MECHNICAL/sTRUCUTRAL 60100 - SUBSYSTEMS 60100 Ltwt. : . and To 
-20200 - EnGlneERIng DrawlngS '--30200 Servo .-50200 - Low Power TEST 
- Ground Handling 30300 Optical >-503 00 ADAS/GDL 
-80200 Va ho 
Equipment '-- 30400 - Safety '-504OO - ADAS/COL/ APT 
- 803 00 DDAS 
20400 - Teel Equipment '--30500 Opon Por t 
- 604 00 BSMT· 
and Fixtuu 1 ' 
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dation of task, schedule and responsible organization using 
!the WBS number as a key. Once the network is finalized, it 
is converted to a MOST· (Management Operation System Technique) 
format that keys activities to calendar times. The MOST net-
work is the _ primary in-house schedule monitoring medium used 
by Company A on such projects. As such it is a familiar 
method to the engineering personnel. 
The relationship of the master schedule to the overall 
management network is shown on page 27. 
An integral part of the management system for the project 
will be the use of the MOST chart for planning, scheduling, and 
controlling activities. MOST provides the user with the data 
necessary to determine when an activity is scheduled to begin 
and to end; the activities which require prior completion, and 
what other activities hinge on completion of the subject act-
ivity. In addition to displaying deadlines, the MOST network 
shows task status. A MOST plan incorporates all the elements 
of the Work Breakdown Structure and their interrelationships. 
Each bar of a MOST plan consists of a defined, contFollable 
task or group of tasks that spans an estimated time period at 
a budgeted cost. The planned start and/or complete date is 
interrelated with all other activities that comprise the total 
program. 
the estimated duration of each activity or task on the 
Project A program was : .based on the combir.ed experience of 
... 
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and manufacturing personnel who have conducted 
ll similar tasks on prior programs. Specific cost and schedule 
!
!reports used by the Program Manager and the Production Con-
trol Manager are listed on page 
ii Costs are budgeted and controlled in terms of the 
and work packages and the performing organizational 
ts. Electronic data processing reports from the Corpor-
ation' s accounting system provide the-program Manager and 
JProject Administration daily, weekly and monthly with the 
l follovdng: 
<a) costs, by task and sub-task, by per-
forming organization, and by element of cost. 
(b) Direct labor hours and dollars, by task and 
sub-task, by performing organization and by 
labor code. 
(c) Commitment Report, by task and sub-task, and 
by outstanding commitments. 
Over-all financial control of each division is through 
the office of the Division Controller, who has responsibility 
to both the Division General and the Corporate Con-
troller through the Group Controller. In this manner, the 
!local cost control function conducted on the program level 
! 
subject to a dual channel of upward checks and 
!through the divisional route via normal program reporting 
i
2
Q Cost Proposal Report, 12470, page 124. 
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,standard vs Actual onnance by Work Center; All Lot 
Closures Week 
Released Load per Work per Week; All Lot and 
Removed; Detail . by Number 
Released Load per per Work 
of Hours per per Work Center 
' ! 
Released Load per Work per Week; All Lot and 
Closures Removed; by Work Center - No 
Yesterday by Work Hours Charged 
and Cumulative to Date 
PART NUMBER 
vs Actual Performance by all- Lot Closures 
Previous Week 
Operation Sheet Outline by P/N; All Lots Released -
Previous Day . 
COST AND SCHEDULE REPORTS (Continued) 
PROJECT SORTED REPORTS 
Selected WO Detail Part Number Status; Work in Process 
File Only; Sorted by WO and Part Number 
Selected WO Detail Part Number Status; Work in Process 
File Only; Sorted by WO and Part Number 
Selected WO Detail Part Number Status; Historical File 
Only; Sorted by WO and Part Number 
Sur:rrnary Listing of all Work i[) Process Sorted by Sales 
Order and Part Number, One Line Entry per Job 
Detail Outline of Jobs Closed This Month Sorted by Sales 
Order and Part Number Analysis of all J _obs Hoving to 
Historical File 
Selected WO Weekly Rework Charges Sorted by ~O, Task, 
P/N; Type of Rework One Week Rework only - No History 
Selected WO Cumulative Re~ork .h~rges Sorted by ~O, 
Task, and P/N; C_ombined History and Work in Precess 
Rework 
Summary Listing of Entire Historlcal File Sorted by 
Sales Order and Part Number, One Line Entry per Job 
Selected WO Weekly Std/Act. Variances Sorted by .ork 
Center; Combined History and ~ork in Prc~eas Re~ork 
FREQ. 
Weekly 
Weekly 
, 
Weekly 
Weekly 
i 
i 
Daily 
Weekly 
Daily 
117 
29 
FREQ. 
Daily 
Weekly 
Monthly 
Honthly 
Monthly 
~eekly 
Monthly 
Demand 
Dcoand 
. ., 
-- -- - ------ - --- - -- . 
channels ,, and through the corporate financial route via the 
several levels of controllers. 
The elements of the program management system have now 
been described. Highlights of the system are: 
' 
Variances to plan are the in-put to control decisions 
• Daily cost and schedule data are available 
Automated Bill of Materials is used 
Load Plan 
. Program Schedule Flan 
Program Cost Plan 
The reports resulting from this control system are shown 
on page 29 ; the Work Breakdown Structure provides the over-
all monitoring function after task responsibility specifically 
assigned to individuals at the fourth or fifth level. 
In full support of Project A and other program offices is 
the Management Information System Department. Primary support 
to the program office is accomplished by providing operating !. 
personnel, supervisors, technical staff, middle and top man-
agement with accurate and timely business, technical and ad-
ministrative support information to help them meet the chal- 
lenges and solve the problems they encounter in carrying out 
,j 
their re spec ti ve assignment. 
The current hardware set-up in the facility is organized 
as shown on the following schematic. 21 The department provides 
Ji 
21 
Provided by MIS Director, Company A. 
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computer support for planning, procurement, fabrication 
lj 
and inspection functions. 
All computer operations are organized under the Executive 
'! Vice-President of Finance and Administration. The Scientific 
Computer Facility and Corporate MIS consolidated in 1970, 
forming the Corporate Computing Facility. 
Examples of several reports used by the Program Office 
lj to determine periodic detailed cost and schedule status are 
!shown on the following pages. From this type of internal 
11 data, the Project Control Report; weekly estimate at comple-
tion, the Cost Control System, the trend analysis (computed 
!t 
il manually) and others (pagesJJ -J6)the external Cost/Schedule 
11 
Status Report and Cost Funds Report are generated 
!l (pagesJ7 -39). It should be noted that the Cost/Schedule 
iJ Status Report is, for external purposes, probably the most 
jl valuable data generated. It provides in a single report: 
ll cost, schedule, variances of each to plan and the estimated 
. 
j\ program completion funding requirements. It does not, how-
l
1
!ever, provide analyses for determination of variance cause. 
It should be noted that all schedule status reporting, anal-
! 
1\ yses and alerts are completed_ manually by the Management 
;: Program Planning Specialist and are therefore vulnerable to 
. 
h h . 1 . 1 b . 1 . t is p ysical avai a i i y 
11SUMMARY: Company A conforms quite remarkably to current 
,, 
literature ideas and concepts a program office for its 
32 
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IR and D project, program data which shows cost/schedule 
!variance and estimates to completion, apparent efficient 
use of ADPE and personnel, the use of one of the more ad-
! 
vanced scheduling techniques; MOST, the detailed breakdown 
of work (WBS) and the timely use of data. Limited authority 
! within the program office for costs, the lack of detailed 
variance analyses and the suceptibility of the program 
! schedule to manual variance analyses are apparent diver-
gences from the literature which may indicate a weakness 
in Company A's information system for Project A. 
Visibility for internal and external use appears to be 
quite adequate: daily, weekly, and monthly data deliveries 
;. showing current program status, full use of ADPE and person-
nel, a detailed Work Breakdown Structure, frequent personal 
visits by the scheduling expert, and a fully integrated co-
! herent relationship of all data to the contract program. 
! As shown on the Status Report, cost and sched-
ll uledata are displayed, variances (cost and schedule) are 
!1 
I• I shown along with a budgeted cost at completion. The subse-
quent Contract -Funds Status Reports show sequentially the 
j cpmpany fiscal year '76 and ' '77 estimated requirements as 
I of 31 Dec. 1975. Since, at that time, the program was ahead 
i of schedule and in an under-run cost condition, variance 
I: 
Ii 
analyses may not be crucial. However, from the governement 
I (or customer) viewpoint one is thus deprived of visibility 
1 and details which should highlight the variance cause. 
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CHAPTER IV 
COMPANY B 
.. 
Corporation B is a company whose annual sales exceed 
I· three billion dollars and whose various di visions produce 
11 products for the generation of power, for the traditional 
'I !; aerospace market, and whose Research and Development efforts 
11 
11 22 ;approach fifteen percent of sales. 
1 
I 
I The Company B Di vision is primarily r ·esponsi ble for the 
1development and production of a family of related telecom-
j munications products. Located in Connecticut, the Division 
jcurrently carries approximately one hundred million dollars 
lof U. S. Government contracts in addition to a substantial 
!commercial market. Among its many product lines, Project B 
ranks third in total dollar value. For this paper, two 
'
'!engineering change proposals (ECP) were chosen for examina 
. . . 
jtion. Each ECP develops and qualifies sub-systems for in-
j 
icreased use, accuracy, and reliability. The value of the 
changes proposed is 5. 4 million dollars. The contract was 
li let in September, 1975 with a stipulation that the Research 
i! and Development effort be completed by August, 1976. There 
is a production follow-on task planned. 
Project B provides all necessary altitude, navigating, 
weapons delivery and autopilot instrument data to the pilot 
and co-pilot of a current USAF tactical fighter plane. The 
1! displays, both development and production, have been under 
I 
22 B Annual Report, (1974), page 21. 
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periodically since 1972. Major modifications are 
!: now being implemented by the Government. Within the company 
!' a program office was established in 1971 to serve as the 
. 
r primary contractor focal point for the previous project 
efforts. The program office has miaintained its viability 
through the years and now with seven dedicated members, man-
ages the subject engineering changes. _ like Company A, the 
office is staffed with a program manager, a planner/schedu-
llor, a contracts manager, a financial controller, and .sev-
eral engineers. In addition to the above office a staff of 
three proposal assistants are assigned for the express pur-
ll pose of providing for future business, these people are not 
required to manage current operations . . . 
i! Upon receipt of the contract, Company B rather than 
create a Work Breakdown Structure, (discussed in detail in 
Chapter III) , used a Program Directi ve 2J which accomplishes 
the over-all purposes of a WBS, but in much less detail. 
1· The Program Directive assigns specific responsibilities for 
'I 
the various parts of the contract Statement of Work, names 
. 
responsible individuals, and establishes a prograJn tone 
li schedule. This document authorizes work to begin and dollars 
to be spent within the project program office. A master 
1
1
;schedule is prepared by the program office as shown on page 47. 
:rt is simple; with milestone completion and data submittal 
23 Project B Program Directive (excerpts), (October, 1975), 
Subj. VSD ECP, page 52. 
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DIRECTIVE 
. . 
P r o q ram P 1 a n f o r V S D E C p· 5 2 ( A t t ~ c h e d ) 
i 
I 
I 
-· - . -
.. . -
.. 
- t P.O. NO. 1. 371 
S. 0. REF. 7 9 0 0 
PAGE 1 OF l 
I DATE 7 October 1975 
\ 
i 
\ 
I 
This Program Directive is your direction to proceed with the 
d~sign, manufacture and incorooration of the i~provements 
described in ECP 52 :is delineated in- the attached plan. This 
plan is based upon SMALC's direction to proceed and is subject 
to modification wh~n the contract is executed. Any deviation 
to this plan must be approved by the Program Office prior to 
implementation. - -
If there are any questions. please contact -_ extension 
2282. 
BD/cd 
attac hmen t 
cc: . 
' 
! . 
... 
10/69) 
------- . -
J ; 
Pro qr am ff ice 
PART II 
FUNCTIONAL TASKS 
. 
Has the prime responsibility for coordination of all effort 
required to accomplish the desiqn and manufacture of the kits 
and incorporation of the kits into the hardware delineated in 
the schedule. 
I 
Will maintain this plan. 
! 
Contracts 
Has the prime responsibility for contract interpretation and 
i s s u i n g a 1 1 r e q u i r em e n ts v i a Sa 1 -e s 0 rd e"_r • I n a d d i . t i o n Co n t r a c t s 
will provide the primary interface with "SMALC. All data required 
under this contract will be sent out via the Contracts Depart-
ment and where approval by the customer is required, Contracts 
will obtain and inform the functional departments when such 
approval is received. 
Negotiate all effort over and above the requirements of this 
contract (i.e., shipping containers) and authorize such effort 
via Sales Order prior to the commencement of such effort. 
Financial 
Will maintain current work authorizations covering all required 
effort and report on financial status as required by the Program 
Manager. 
Enqineerinq 
Has the prime responsibility for defininq the modifications 
required to accomplish the fixes described in ECP 52. 
Will generate kit definitions for the modifications. 
Will be responsible for the kit proofing of the first unit.~ 
Will support Operations as required to accomplish the modifica-
tions of ECP 52 including the areas of: 
a. Test and Debug 
b. Configuration Management 
c. Discrepant Material Review 
d. Producibility 
-- - -- ---------
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e. Other areas as required. 
Will generate the data items identified in Part I, Requirements, 
paragraph 5· a-e and 6 g-i. 
Will generate the TCTO for submission to the customer. 
Will provide the PMO with monthly progress reports for the 
engineering effort. 
Will conduct the Design Verification Test. 
! 
erations 
Will manufacture the kits identified in Part I, Requirements. 
Will perform an incoming ATP on each unit received for modifica-
tion. 
W111 incorporate modification kits in the·   hardware deJfneated 
in Part I, Requirements. 
Will generate purchase requisitions for the material required 
to manufacture the modification kits. 
,, 
Will perform an ATP or COP on all modified hardware as applicable. 
Will fabricate any required shipping containers as authorized 
via Sales Order. 
' Will determine the serviceability of the two (2) VSDs supplied 
- as GFE for Design Verification Testing. 
Will maintain the two (2) VSDs used for Design Verification 
Testing. 
oduct Assurance 
. 
Will . conduct quality surveillance of all in-process effort to 
incorporate the modifications in the hardware specified in 
Part I, Requirements. 
Will witness the formal ATP. 
Will maintain confiquration and serialization logs for all 
modified hardware. 
oduct Support 
Will prepare all Loqistics Data as . specified in paragraphs 6.q 
and j of Part I. Requirements. 
. . 
W111 issue SROs to cover all items input for modification. 
__ ___ - - - - - -- --
. -
. 
I 
Will generate all requests for shipment. 
Will generate AFTO 349 Forms for each modified item. 
Purchasinq 
Upon redeipt of purchase requisitions from Production Control, 
will establish vendors, place orders and insure delivery in . 
time to support the kit qelivery schedule. 
Will prepare the necessary shipping documents and insure that 
distribution is accomplished in accordance with Contract 
Pro v i· s i o n s 
Will accomplish the actual shipment of modified hardware 
. 
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' 
dates only shown. It then becomes necessary for the respon-
sible organization to detail internal schedules for manage-
t d . ibilty 24 0 11 b d timen an v1s1 i 1 y purposes. ver-a program u ge ng 
is controlled by the program office financial controller. 
It is again through a properly authenticated Work Authori-
zation form that budgeted direct-labor hours, material, and 
direct-labor dollars are assigned. 
In support of the Program B offic~, other program offices 
and functional elements, is a management system office staf-
fed with approximately sixty people . including planning , 
.development and operati_ons elements. The current I BM 370/145 
central processing unit and peripheral support equipment are 
shown on the schematic on page49 . 25 Typically, the manage-
! 
ment systems office is organized under the Division controller 
who reports to the Division president. Capabilities include 
ANSI Cobol for business systems programs and FORTRAN IV for 
scientific programming. RPG is not one of the capabilities 
offered since, according to Mr. L.B., the Division Manager 
of Management Systems, its desired use is low and therefore 
24 It should be noted by the reader that these internal 
detailed schedules . were not made available to the author. 
It was here that the company drew the line which separates 
private, priviledged information from that which was con-
sidered releasable to the outside. 
25 Company B IBM 370/145 Computer System Schematic. 
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not be cost effective. Reports generated for the program 
office to control both the research and development effort 
and the production effort of the subject Integrated Display 
Set change proposal include the followings 
Explosion Request (deliverable part numbers) 
Parts Number List 
Most Critical Parts Report 
Least Critical Parts Report 
Open Purchase Orders and Requisitions 
Part Number Inventory Allocat_ion and Order Status 
Start List Work-In-Process System 
. Direct Labor Distribution Report .(weekly/monthly) 
Direct Material Report (weekly/monthly) 
DL/DM Variance Reports 
Direct Labor Efficiency Reports 
Project Budget Variance Report 
Note: open purchase order and requisition: part number in-
ventory allocation order status included as examples. 26 
Detailed variances determinations must be computed man-
ually by program office personnel; usually the financial 
analysts. Variance analysis and reporting are done for both 
internal management (above program office level) and customer. 
Only basic schedule variance information is calculated man-
ually and as far as the program office is concerned for the 
26 PUR 71502, FROG 72-900. Provided by Company B. 
.. 
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purpose of rescheduling Company B responsible delivery delays 
' 27 . only. 
In order to determine program status, periodic visits by 
,DCASO and DCAA personnel are conducted. Usually percent of 
program completion is determined by DCASO industrial engineers 
\' 
·:for the purpose of program progress payments. No similar ex-
ternal reports are generated. The preceding report examples 
ji 
are hardware oriented and provide little over-all visibility. 
''. The company's reluctance to divulging further information 
q 
''. stemmed from fear of competitive disclosures and from the 
i• time involved to manually generate unique Program B data. 
·summARY: As with Project A, Project Bis managed by a pro-
gram office rather than the company functional organization. 
Apparent use of ADPE exists as evidenced by the reports 
'listed on page 50. However, this review was not allowed. 
On the other hand, Company B deviated from current litera-
:: ture concepts in areas of detailed work breakdown, (the 
,Program Directive is cursory at best), detailed cost and 
27 The program office preferred not to release or discuss 
in detail the internal variance reports or labor efficiency 
reports since these reports and others served as the basis 
for future product pricing: a negotiable figure and one 
·considered to be company private. 
'i 
ll 
' 
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schedule variances and analyses, lack of any current sophis-
ticated management -techniques or systems in spite of an im-
, pressive MIS set-up and, as with Company A, only limited 
responsibilities for cos ts within the program office. 
Visibility into the project suffers from the above noted 
deviations. External reporting was non-existant and internal 
reports closely guarded. Beginning with the issuance of the 
Program Directive, continuing with the basic schedule and 
finally by requiring personal visits by audit agencies to 
determine status, the depth of visibility into the project is 
shallow and in some cases non-existant. Forecasts of future 
expenditures appeared only in the Project Budget variance 
Report which estimated funding requirements for only two 
nonths into the future. 
The audit report for the period ending Jl Dec 1976 showed 
:he project to be $70,000 over-run and ten weeks behind 
schedule. The program office as of 1 March 1976 had not 
1 t d . t . 1 . 28 :omp_e e l s variance ana ysis. 
3 Note: current March 1 cost over-run equals $100,000 and 
fourteen week schedule slip. 
. 
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Corporation C is a diversified organization which markets 
produ cts and services in such fields as insurance, entertain-
ment . real es t ate, power plants and basic research and devel-
opmen t. With sales in 1974 exceeding 600 million dollars, 29 
·the Corporation looks to Company C to carry its gas turbine 
.line of general purpose and aviation -eng1nes. 
The product line of interest in this paper is the gas tur-
. bine power plant candidate for Z Corporation's competitive 
effort versus X Corporation for a new battle tank system for 
~the U. s. Army. 
Company C is under contract for a target price of about 
·10 million dollars to develop and deliver to Z Corporation 
,15-20 pre-production turbines. 
' ' 
The company's sensitivity to the needs and desires of 
the customer prompted early in the contract development phase 
the establishment of a six to ten man dedicated program 
office. Staffed like Company A and Company B, Company C's 
program office has a program manager, a financial accountant, 
a contracts administrator, a scheduling co-ordinator and a 
variable number of system and functional engineers. 
i : 
Both the master program schedule and the detailed lower 
tiered schedules are generated manually using the MOST sched-
uling techniques.JO 
'29 
30 
Company C Annual Report, (1974), page 17. 
See Chapter III for a discussion and example of MOST 
scheduling chart. 
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1 A unique feature of this particular program in terms of 
management information is a requirement in the contract 
Statement of Work (SOW) that a formal Cost/Schedule ControL 
Systems Criteria (C/SCSC) be implemented. As outlined in 
i 
Chapter II, c/scsc requires several features of management 
data as follows : 
1. A contract WBS 3l 
2. Assignment of specific work ·tasks to specific 
individuals 32 
J. Variances from planned cost and schedule for 
each work package reported each month 33 
4. Analyses required for all variances exceeding 
$5,000 34 
5. Continuously up-dated "Estimated to Contract 
Completion" 35 
The above foot-noted examples (pages 57 ..62 ) of the 
Contract Funds Status Report and the Cost Performance Report 
contain required data obtained from Company C's Experimental 
Management Information System (EMIS) and other accounting 
:systems. The company's Management Information System group 
Jl Work Breakdown Structure organization matrix. 
32 ibid. 
JJ Contract Funds Status Report, (October, 1975), Project c. 
J4 Cost Performance Report, (October, 1975), Project C. 
35 ibid. 
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N/A . 1.0/31/75 . .. ' TA RGET 10063 
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I . . 
CPIF 
. fuNDING INFORM.ATlor..i 
AP?ROPRIATION FUNDING ACCRUED .CONTRACT WOR K AUTllORIZEO FORECAST TOTAL funds. !DENT- authorized EXPENDITURES . . . require carry
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commitments Torgct cost
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NET 
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required
a. b c, 
8856 1434048974
k. m, n. 
engineSYSTEM 
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G&A 
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FEE 
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368 
14 
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8974 
7271 8 8 735 
12 12 
21471 2 
11860 
-
10 
2 -
10 
2149 
11870 
' I . 
369 .. -
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contractor
LOCATION,. 
Classification 
"'t COST PERFORMANCE REPORT:.. PROBLEM ANALYSIS 
. ree
Page 9 of l 1
RDT&E PRODUCTION 
CONTRACT NO: PRogram NAME Number REPORT PERIOD : 
. DXM 100078 . . - 10/31/75 
Form approved
budget bureau
No, 22R0280 
Section 3. Narrative Description 
-- . 
AGT 1500 Engine Package Current Month Cumulative to· Date 
Schedule $29K Unfavorable $ 7K Favorable 
1' 
.. 
Engine Subsystem $24K Unfavorable $18K U.nfavorable 
o Forward Engine $14K Favorable 
The monthly variance is the result of receiving hardware for DF-2 rig and engine tests 
later than antidpated. 
o Engine Assembly . $22K Unfavorable 
. . 
. 
The unfavorable monthly variance was caused by not earning BCWP during this period 
because the task supervisor was on leave. The necessary adjustments will be made 
in the Nov.ember·  report. 
o Engine Test '.evalution $57 Unfavorable 
·The cumulative variance is caused by not completing: the DF - 2 test 'program in October as 
planned The assembly of the engine for the 25 hours of engine· testing was completed 
during the reporting period. Final preparation of the engin.e for test is underway with 
testing scheduled to begin in early November." Associated rig test work packages will 
remain open in the event that complementary. testing is required, 
Also contributing to the variance is the inspection of the 400 hour NATO test engine 
which will continue into November. 
' .. ' ' .. .. 
t . ' ... 
.. . 
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Fotm Approved 
budget Buteau 
no. 22 R 0180 
. Current Month Cumulative to Date At Completion 
Cost $69K Unfavorable $248 Unfavoralble 
Engine Subsystem $63K Unfavorable 
$170K Favorable 
$162K Favorable $238 Unfavora ble 
o Rear Engine $ 45K Favorable 
The cumlative variance is attributed to BCWP being recognized for positive Recuperator 
variances as reported in the April 1975 report. . . 
o Engine Assembly $152 Favorable 
The cumulative variance is caused by BCWP being recognized for addit.ional hardware 
requirements as discussed in the July 1975 report. 
. . 
o Engine Test 'and Evaluation $19K Unfavorable 
The monthly variance is the result of not earnir1g BCWP when anticipated for the DF- 2 
test program and the post 400 hour test. inspection as discussed above 
' I 
Functional - the f.unctional·cost variance for engineering has been discussed above. 
' 
• 
. 
. . . 
. 
is responsible for software generation, file maintenance 
' and computer operations for all systems including EMIS. 
Organized under the Vice-President of._·Administration, the 
Management Information Systems group, some sixty people in 
number, is fully responsive to the needs of research and 
development programs. Current hardware layout is depicted 
.in the diagram on pa'ge 64 .36 EMIS is a computerized s ystem 
for control and status of design and -development projects 
under the Vice-President of Engineering. 
The EMIS Work-In-Process System produces three main 
·outputs: ltJ -I-P Status, _Daily Schedule, and 8-1/J eek Schedule 
and Shop Load. 
The Wrok-In-Process Report is printed daily and reflects 
the current Work-In-Process status. This current stat us is 
determined by combining the previous status with all the 
·transactions made during the preceding work day. The report 
.yields information in the whereabouts of paricular parts, 
the quantity at particular operations, the employee performing 
the last reported labor, the predicted completion date for the 
job, and many other items of interest to Experimental Manu-
facturing and Control Supervision. 
Data sources, in addition to the WIP control system for 
--- use · in the various program control and status reporting sys-
tems include: 
' ! 
A. The Automated Inventory System provides the 
63 
36computer schematic, Company C; provided by MIS director, Mr.R 
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' 
transaction data of material receipts, movement 
of material through the shop and shipment to the 
customer. 
B. Material cost is provided by the Purchase 
Commitment System. Vendor costs are also derived 
from this file. 
c. Direct labor is extracted from the labor distri-
A 
bu ti on file. 
D. Scrap ticket data is extracted from .the Scrap 
System file. 
E. Work-In-Process inventory parts status is extracted 
from Company C's Performance Measurement System 
file. 
F. Sales values are extracted from the Cost of Sales 
Report file. 
Repor ts for internal management and external audit use 
' (when justified) include: 
Received Not Paid and Price Variance Report 
Monthly Scrap Report 
Monthly Journal Entries 
Final Assembly Required/Charged Analyses 
Final Assemble Charged/Relieved Analyses 
Preliminary Cost of Sales Report 
Locator Cost Pool Summary 
Manufacturing Loss Report 
. .. 
' ' ' ' 
g 
1. 
.! 
il 
l 
. 
; 
' 
Error Identification Reports 
System Exception Reports 
·Equivalent Unit Report 
Control Data File Printouts 37 
' 66 
! 
The important points gained from the examination of 
Company C's Project (C) are that several advanced systems, 
and many of the above reports, are used to provide data 
for the Contract Funds Status Report - (~page 58 ) and the 
Cost Performance Report (page 59 ) and the subsequent 
narrative cost and schedule variance analyses reports. 
SUmmary: Company C's conformity to current literature con-
·cepts of R and D management systems is closer than either 
,Company A or Company :b: a complete program office with full 
·responsibility for al1·cost, schedule and performance para-
· ._ meters; sophisticated systems which generate timely cost 
and schedule data, variances and analyses; monthly estimates 
to completion; subsequent fiscal year funding requirements; 
. current ADPE and a complete MIS group; and the use of ad-
rvanced control techniques such as MOST, EMIS, and C/SCSC. 
i: 
i' Internal and external visibility gained from the exten-
's i ve use of sophisticated systems varies from general sum-
' (maries for top management to the cost/schedule status of 
i,the lowest element in the Work Breakdown Schedule. It could 
37 Monthly Cost Accounting System, Chapter I, page 6. 
. , 
' , 
. 
' . 
. 
,· 
easily be argued that more visibility into Project C is 
available than can possibly be used. It is known from 
experience that only the exceptions from both the EMIS 
WIP status report and t he EMIS Daily Schedule Report are 
' addressed; the remaining information is never used . A 
clear picture of the program's status is given in the 
;Contract Funds Status Report, the Cost Performance Report 
: and attached cost and schedule variance reports . 
' 
.. . 
ll 
. J 
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CHAPTER VI 
ANALYSIS AND CONCLUSIONS 
This chapter determines the relative achievement of 
: the original objectives: 
adherence to literature concepts 
depth of visibility 
effectiveness of each system 
correlation of modern concepts -and depth of visi-
;bility to the effectiveness of the particular system. 
;j 
i' 
The chapter also analyzes deviations and presents con-
.'.clusions. 
;i With regard to the literature search and the modern 
: concepts of Rand D information systems so determined, a 
paradox exists: a text or an article for the Harvard Busi-
ness Review can be written expounding the virtues of this 
system or that by functional experts who, in the real world 
of business and profits, may not be able to put those con-
~jcepts. into practice. During the literature search phase 
it was noted that information systems should be uniquely 
I 
:tailored to the R and D project at hand; yet only Company 
C had any degree of such tailoring to its project. Perhaps 
the diagrams on the following page illustrate the problems 
industry faces when attempting to create systems specifical-
1:ly :.::for any particular project.38 Figure 1 illustrates the 
continuing growth of software costs versus the relative 
.i 
::38 
'! 
Defense Management . Journal, (October, 1975), page 24 
... 
' ' . ' 
' 
decreasing cost of hardware. As Figure 2 shows, changes 
1
made to existing software induce new "bugs" which take time 
. to shake out. New software is even more prone to the phe-
i 
' 
!f 
' 
nomenon. 
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Even so, the literature search did highlight many modern, 
successfully tried techniques which are found in one degree 
or another within each company and which, on first analysis, 
70 
are possible i ndicators of good management practices. The 
followi ng matrix scores each company's conformance to the lit-
erature concepts with the highest score in each box indicating 
the closest proximity. Maximum scores are assigned arbitrarily; 
·value judgement scores, based on analyses os each company, are 
awarded for each conformance element. 
ELEMENT 
Program Office 
Information Flow 
Work Breakdown 
:Measurement of 
·actual progre s s 
vs. planned cost 
Measurement of 
actual progr ess 
vs. planned sched-
ule 
Timeliness of 
.Reports 
Sophistication 
of systems 
Prediction, est. 
@ completion 
Advanced APDS 
Value judgement 
of MIS group 
contribution 
MAX SCORE 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
100 
COMPANY 
A. 
10 
8 
9 
10 
10 
10 
6 
10 
10 
--2._ 
92 
COMPANY 
B 
10 
8 
. 5 
J 
J 
6 
4 
0 
10 
8 
57 
COMPANY 
c 
10 
10 
10 
1 0 
1 0 
8 
8 
10 
10 
.i 
l 
. -
' 
The depth of visibility provided by each company's s ystem 
varies from company to company. It is assumed that the visi-
bility needed is determined by the unique requirements of the 
· particular contrac t project, the experience of the various; 
program offices, the t echnical complexity of the project, and 
· the age of the project. Proper visibility into any project 
71 
is gage d by the rapidi ty with which manag ement detects devia-
tions from pl an an d t he ease and rapidity with which correc-
tive action is taken. The matrix on the following page scores 
each company on selected parameters of insight into each pro-
Ject. As with t he conformance factors, value scores are a-
warded to eac h company based on the analysis of each depth 
: Of visibility element in order to rank each company on its 
·ability to provide in-depth visibility into the progres s of 
each R and D project. 
The effectiveness of the information systems as applied 
··to each project is determined by both objective and subjec-
tive techniques. The attempt here is to speak only in ob-
.jecti ve terms. Thus, even data which are considered neces-
sary are sometimes excluded on the grounds that they are too 
subjective for value scores . The effectiveness matrix on 
page scores each company with the higher the score the 
more effective the information system is believed to be. 
The matrix is divided into Fart A (information system output 
elements) and Part B (Program A, B, and C status as of Jl 
.. 
' 
' 
., 
' 
' ' 
Percent Variance (see calculation page 75) 
Over-run 
Under-run 
Variances causes 
unknown 
TOTAL 
Part A & Part B 
-10 -3 
-2 
-10 -5 
. 100 86 
-16 -9 
-10 0 
38 71 
. . 
) ' 
December, 1975). For Part B, each program was awarded a 1 
maximum 70 points, then penalized depending on the severity 
of the elements shown. 
It is acknowledged that Part B (current 31 December, \ 
! 
1975 status) reflects data which is in addition to that pro-
' vided by the company information system, Difficult decisions 
.must be made by management which may be contrary to placing 
the program on target cost and schedule in any particular 
month. Quite obviously, the information system should not 
·-be penalized if it provides data which identifies problem 
areas to management, who for a multitude of reasons, chooses 
: to ignore the warnings. The MIS data, however, may have a 
reputation for being non-reflective of real time status, prone 
: to errors, improperly emphasizing areas of program office in-
terest or other intangible shortcomings. 
It is therefore believed that Part A (information system 
·deficiencies in conformity, effectiveness, and depth of 
11 
.' visibility) and Part B (management personnel interaction) 
. 
contribute concomitantly to the degree shown to warrent :pen-
alties as indicated by the sum of Parts A & B. 
. ., 
; ' 
.; 
j 
Percent Variance (PV) calculations yield a number for 
i 
'.! each company which considers the following elements: 
I' a . Over-run or under-run: if the program is in an over-
condition (Company B & C) minus 10 points are assigned. 
If the program is in an under- run condition (Company A), 
. then minus 2 points are assigned . 
b. Comb ined dollar value of cost variance and effect of 
. 75 
schedule variance. This fraction uses actual dollar variances 
:' as shown in the Cost Performance Report for Company C (Chap-
: ter V), (119), the Cost/Schedule Status Report for Company 
'. A (Chapter III), (189), and information gained from Company 
', B during a plant visit in February, 1976, . ( 100) . 
;t 
' .. c. Time fraction since start of program : This fraction 
(time since start/total time) includes the number of months 
since program start devided by the total number of months 
·.' scheduled in the contract . This number showed the rate at 
which each company deviated a s of Jl December 1975. 
' 'Ihe formula and separate calculations are shown below: 
ii 
' 
PV= over-run or 
under-run score x 
cost var dolla r effect 
of sched . var . 
tota l value 
COMPAnY A: ( - 2) (189) (7) (100) = -J. J or - 3 
3292 2 
COMPANY B: ( -10) (lOO) (4 . (100)= 15.8 or -16 2100 12 
COMPANY C: (-10) (119) ( 34) (100)_ - 9 .03 or -9 9327 8 
time sinc e x (lOO. 
x start 
t otal time 
' 
' 
The relationship of modern concepts in information sys-
terns as suggested by the literature and depth of visibility 
to information effectiveness is as logic might indicate, 
' ' quite good. That is if a project is using advinced modern 
R and D information system techniques with a great deal of 
schedule and cost visibility, there is a high probability 
that management is obtaining usable data and that the pro-
gram is on or near to target. This correlation can be seen 
from data in the following matrix: 
76 
MAX 
SCORE 
COMPANY A COMPAny B COMpany C 
J! 
I . 
Techniques from 
literature search 
II. 
Depth of 
visibility 
III. 
Information 
system effective-
ness 
Relative factor: 
100 
100 
100 
92 57 94 
87 52 87 
86 J8 71 
Company literature conformance and company depth of visibil-
i t 
Maximum literature conformance and maximum depth of visibil-
ity 
89.5 90.5 
' 
' 
' 
!' 
{ 
. 
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The charts below graphically display the results of the 
above matrices in relative form: 
Conformity 
to 
literature 
concepts 
100-
Depth 
of 
visibility 
100-
information 
system 
effectiveness 
Co A 
Co A 
Co A 
! 
Co 0 c 
Co B Co C 
Co B Co C 
C'ONCLUSIONSi 
Based upon the limited data and assessment to date, 39 it 
can be tentatively concluded that: 
1. There is a high probability that research and devel-
opment projects will be on or near target and that management 
has acces s to usable project control data when the project 
information s ystem is in close conformity to current recom-
mended literature concepts and when the information system 
·. yields in-depth cost and schedule visibility. 
. 
j 
2. Company B is regarded as marginally effective in its 
use of information systems on Project B. The data generated 
,: for the program office does not yield usable i n formation from 
.·which management can take remedial cost and schedule action. 
J. Companies A and C information s ystems are in close 
·i conformity with the literature concepts and yield considerable 
·• visibility. The companies tend to derive benefit from these 
:' characteristics in terms of effective control and near target 
' costs and schedules. 
, 39This thesis was necessarily prepared midstream in the pro-
grams - a snapshot of each at a point in time. The status of 
each program will probably change as time passes. Follow-up 
assessments should b e made at the completion of each contract 
' to evaluate the total effectiveness of each information sys-
tem. Deficiencies noted regarding Company B should be brought 
to its attention for possible corrective action. This future 
work is beyond the scope of this paper, but is mentioned as a 
normal follow-on course of action. It is necessary in order 
to verify or contradict our tentative conclusions. 
. 
' 
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